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I, PAUT. JL.OX7IS JULIEN (jERARD, a 

French Citizen, of 22, Avenue des 
Oobelins, Paris, Seine, France, do 
hereby declare the invention, for which I 
5 pray that a patent may be granted to me, 
and the method by which it is to be per- 
formed, to be particularly described in 
and by the following statement: — 

In my Specification No. G42,891 and in 
ID the Specification of Patent Applica.tion 
No. '1SG94/5U (Serial No. 670,925) for 
which I am one of the applicants, there 
are described bearings for supporting or 
guiding- a rotary element, of the tvpe in 
which a pressure fluid is fed between the 
surface of the bearing element and said 
rotary clement and spreads to maintain 
an annular clearance between said ele- 
ments thereby holding .the rotary ele- 
ment in a floating state. 

The feeding fluid must be supplied 
under a certain pressure t which requires 
a feeding source and ducts adapted to 
feed the fluid between said elements. It 
25 may happen that such a feeding becomes 
faulty for any reason, such as a failure 
of the feeding source, a break of the feed- 
ing ducts or even due to the very nature 
of the feeding source. In particular, in 
30 certain cases, the bearing may be fed 
with a pressure fluid by means of a pump 
or compressor actuated by the very shaft 
which is journalled in said bearing. 

My present invention has for an object 
to permit the use of fluid bearings even 
in the above-mentioned cases, while 
ensuring, in particular, the starting, 
i.e. a rotation with a sufficiently reduced 
friction between the rotary element and 
the bearing, even at speeds at which the 
pressure fluid feeding is not sufficient to 
ensure the floating o f said rotary element 
and, more generally, a rotation of the 
rotary element at any speed with $ fric- 
tion sufricieutlv reduced to avoid any risk 
in the case of an unexpected failure of 
the pressure fluid feediug system. 

According to the present invention 
there is provided a device for supporting 
[Price 2/8] 
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a rotatable element by a stationary con- 60 
centric element, characterised in that it 
comprises between said elements a mech- 
anical antifriction bearing fast with one 
of said elements and mounted with a 
clearance with respect io the other, means 55 
to continuously feed pressure fluid into 
said clearance through a plurality of cir- 
cumferentially spaced inlets, and means 
to evacuate said fluid, whereby a fluid 
film is maintained between the" surfaces 60 
defining said clearance, the friction 
between said surfaces being lower th;ui 
the friction between the elements con- 
stituting said mechanical antifriction 
bearing, whereby, when the rotatable ele- 
ment is driven, the uame rotates with 
respect to the stationary element without 
substantial rotation of the mechanical 
bearing elements in respect to each other 
as long as said fluid circulation is main- 
tained at a rate sufficient to ensure the 
presence of said film. 

Further according to the present inven- 
tion there is provided a gas turbine hav- 
ing a conventional combustion svstem 
and comprising ;l fluid pressure bearing 
as set forth above wherein the pressure 
fluid is constituted by a compressed gas 
and wherein the rotatable element of the 
bearing structure drives an air com- 
pressor to feed compressed air to sakl 
combustion system, nir compressed by 
said compressor being conducted into 
said pressure zones and discharged there- 
from through said outlet grooves which 
separate the pressure zones, whereby the 
surface* defining said clearance space 
between said rotatable element and said 
stationary element of the bearing struc- 
ture are held out of contact with each 90 
other as long the pressure of the air 
fed from said compressor is sufficient to 
maintain said rotatable element in a 
floating state. 

It will be understood that in a bearing 95 
according to the invention, independeutly 
of the floating action more or less 
ensured by the fluid bearing during eer- 
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tain stages of the operation, the flu icT cir- 
culation ensures the cooling of the hous- 
ing of the mechanical bearing which is 
incontnct with said fluid. 

5 The rotary element may he mounted in 
or. on a mechanical bearing in the usual 
manner, the outer or inner periphery of 
said mechanical bearing being in turn 
mounted in or respectively on a cylin- 

10 drical member constituting one of the ele- 
ment* of a fluid bearing, the chambers 
and grooves of said fluid bearing being 
fanned either in the outer or inner wall 
of the mechanical bearing or in the inner 

15 or outer wall of the supporting cylin- 
drical member. 

J t is to be understood that the inven- 
tion is in no way limited either to any 
specific type of the bearing which has 

20 been called herebefore (£ mechanical 
bearing this term being intended to 
cover all bearings and, in particular, any 
oiUrlim, ball, roller or needle bearing, 
etc., or to any specific embodiment of the 

25 fluid bearing which may be of any type 
and, in particular, of the. type described 
in the above-mentioned patent specifica- 
tion or of any other type. 

A well-known problem in gas turbines 

13U is to reach considerable rotation speeds 
and the limitation of said speeds is due, 
in particular, to the nature of the mech- 
anical bearings heretofore used. The 
mere fact of completing the mechanical 

35 bearing by a compressed air bearing sur- 
rounding said mechanical bearing or sur- 
rounded by the same permits the turbine 
rotor to reach far higher speeds without 
any risk resulting from a failure of the 

40 air bearing and without impairing the 
turbine starting and deceleration when 
stopping. Moreover, such a combination 
implies no mechanical complication due 
to the very fact that the bearings are fed 

45 from the compressor driven by the tur- 
bine, which compressor, above a certain 
speed and, in fact, immediately after 
starting, supplies compressed air at pres- 
sures exceeding materially the value 

50 required for feeding the air bearings. 
With a pressure fluid bearing structure 
according to the invention, it is thus suffi- 
cient, for ensuring the floating of the 
shaft to conduct compressed air from the 
55 compressor into the pressure zones of the 
bearing, the air consumption thereof 
being practically negligible with respect 
to the normal output of the compressor. 
It will be easily understood that the 

60 uost of the combined hearing w-ith respect 
to the cost of the mechanical bearing 
alone may be considered as negligible in 
a gas turbine. Tt must be well understood 
that in the following description and in 
65 the claims the expression ,; gas turbine 



includes turbines Oi all known or futur* 
types, -uch as turbines driving au 
screw, turbo jets, turbines for dri 
cars, etc. 
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The operation of the bearing according W 
to t lie invention, in the case of a ga3 tur- : 
bine, is as follows: — 

When starting, the shaft rotates in the. 
mechanical bearings, which implies no 
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drawback due to the very fact of the 
reduced speed of said shaft during this 
stage. As soon as the output of the com- 
pressor reaches a sufficient pressure, the 
air bearings become automatically opera- 
tive while the mechanical bearings are 80 
made practically inoperative. In the case 
of an unexpected failure of the air bear- 
ings, the shaft is further supported by 
the mechanical bearings, which absolutely 
suppresses any risk, fn the case of a 
failure of the air beariugs, e.g. due to 
a lack of feeding pressure, the power 
transformed into friction which causes u 
wear of the parts in contact with one 
another is only the rotational kinetic 90 
energy of the pnrt interposed between 
both bearings and not the rotational 
kinetic energy of the rotor. 

Thr invention is illustrated by way of 
examine in the accompanying drawings 
in which : — 

Tig. 1 is an axial section of the end of 
a shaft journal led in a combined bearing 
according to the invention. 

Fig. 2 is a section along axis 2 — 2 of 100 
Fig., 1. 

Fig. 3 is an axial 
another embodiment 

Fig. 4 is a section along axis 4- 
Fig. 3. 

Fig. 5 shows a gas turbine designed 
according to the invention. 

Fig. 6 is au axial sectional view on a 
larger scale 
and 

is a section along axis 7 — 7 of 
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of the bearing shown iu 

Fig. 5 
Fig. f.i. 

Referring first to Fig. 1, there 13 
shown at 1 a shaft jour nailed in a com- 
bined bearing according to the invention. 
On shaft 1 are screwed by means of a 
nut 2 two inner races 3 of ball bearings, 
the outer races 4 of which are secured in 
a sleeve o. Sleeve o is journal led in turn 
it; a fluid bearing constituted by a body l2«l 
6 provided with a cylindrical bore con- 
taining brassas 17 — IS — 19 described n 1 
detail hereafter, a pressure fluid being 
fed between the wall of said cylindrical 
bore and the outer wall of said brasse? 
into the annular chamber 7 provided 
tl erehetween. A cylindrical filter 8 is 
provided between the peripherics I zone 9. 
and the central zone 10 of said chamber, 
filter S being >oldcred as shown at 11 on 
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the elements in which is formed said zone 
y . IS described hereafter. Shaft 1. both 
races of ball bearings 3 — 1, sleeve 5 and 
ihe bore of the body 6 are all co-axial, at 
lea*t when the fluid bearing operates 
under normal pressure. The pressure 
fluid is fed through a suitable duct 
screwed at 12 on an inlet port provided 
in the upper portion of the body 6. 

Referring now to Fig. 2, there is 
shown at "iG throttlings bringing the 
fluid from the annular chamber 7 into the 
various feeding zones 13 (five in the 
example shown). Between the succes- 
16 sive adjacent zones 13 are provided pres- 
sure fluid outlet grooves 14 communicat- 
ing with an outlet port 15 provided for 
this purpose at the lower portion of body 
(i. The above-mentioned chambers, feed- 
ing zones, throttlings and outlet grooves, 
are formed in the example shown^ in 
three elements, viz. central ring 17 m 
which zones 13 and throttlings 1G are pro- 
vided and two collars IS and 19 disposed 
25 on either side of said ring 17, the grooves 
14 being provided in ring 17 and collar 
18. Moreover zones 9 and 10 of chamber 
7 are provided between suitable shoulder- 
iugs formed for this purpose on ring 17 
and collar 19. ^ 

The embodiment shown in Figs. 1 and 
2 is particularly adapted to the case of 
liquid fluid bearings. 

In the alternative embodiment shown 
35 in Figs. 3 and 4, more particularly 
adapted to gaseous fluid bearings and. in 
particular, to compressed air bearings, 
ball bearings 3 — 4 are substituted by a 
single central bearing having two ball 
rows mounted in a knee-joint. The inner 
race of said hearing is shown at 3 and its 
knee-joint outer race is shown at 4. 

Tn this embodiment, a pressure-tight 
joint 20 of any type, adapted to ensure 
the tightness of the inner chamber 21 
which may be, for example filled with oil. 
is provided between the end journal of 
shaft 1 rotatively mounted in race 3 and 
shaft 1 proper. "The outer race 4 of the 
ball bearing is rotatively mounted as pre- 
viouslv m a sleeve o which is journalled 
in turn in a gaseous fluid bearing such as 
an air bearing In this embodiment, the 
above-mentioned elements 17 — IS and 19 
55 are substituted by a one-piece sleeve 17 
in which are provided recesses constitut- 
ing the annular chamber 7 which com- 
prise^ two annular compartments 9 and 
10 separated from one another by a filter. 
8. In this embodiment, the above-men- 
tioned feeding zones are constituted by 
nozzles 13 feeding groove net-works. 

Referring now to Fig. o, there is shown 
a gas turbine the rotor of which is 
G5 journalled in combined bearings accord- 
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ing to the invention. In this figure, 
there is shown at 22 the gas turbine cas- 
incr and at 23 the shaft of the turbine 
rotor. Said shaft is journalled in two 
bearings of a type similar to that of Figs. 70 
3 and 4, except that in this embodiment 
the ball bearing is disposed outwardly 
while the compressed air bearings are 
interposed between the inner race of said 
ball-bearing and the rotor-shaft. Both 75 
bearings of the shaft 1 are the same, the 
right hand bearing being shown in a 
front elevational view and the left-hand 
bearing being shown in an axial sectional 
view. In this figure, the parts corre- 80 
sponding to those of the preceding figures 
are designated by the same reference 
numbers. 

Shaft 23 of the compressor carries, as 
shown at 24, a series of rotating bladings 56 
between which are interposed stationary 
bladings 25 solid with casing 22. At its 
other end, shaft 23 carries the blade- 
wheel 2G of the turbine. The combustion 
chambers are shown at 27 and the fuel 90 
injectors at 28. 

The operation of the device is as 
follows: the air is admitted at 32, com- 
pressed bv bladings 24 and 20 and 
brought, a's shown at 29 f into the space 95 
located between the compression cham- 
ber and the combustion chambers. At 
this level are provided, on the wall of 
the hollow shaft 23. a set of holes 30 
througli which the compressed air pene- 100 
trates into said hollow .shaft. Thence, the 
air is projected through nozzles 13 to be 
interposed between the end journals of 
shaft 23 and sleeve 5 2 integral with the 
inner races of the ball bearings, this 105 
assembly thus constituting a combined 
bearing according to the invention. With 
this arrangement, during the starting 
sta-n*e when the air is not yet sufficiently 
compressed so that the fluid bearing can- 110 
not support shaft 23, said shaft is sun- 
ported by ball bearings 3 — 4. As soon 
as the air pressure is sufficiently high, 
the fluid bearings become opero*ive and 
support in turn shaft 23 which suppresses, 115 
in fact, any friction between the shaft 
and its bearings. 

Figs. G and 7 show in detail the con- 
struction of ihe combined bearings used 
in the embodiment of Fig. 5 for support- 120 
ing the rotor shaft of a gas turbine. In 
tins figure, it mav be seen that the feed- 
ing zones of the fluid bearing portion of 
the combined bearings comprise grooves 
31 arranged along the diagonals of said 125 
feeding ^nnes and fed substantially at 
their centre by the above-mentioned 
nozzles 13. The fluid outlet grooves are 
shown at 14. 

It is to be understood that the embodi- 130 
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nient of the gad turbine shown in Tigs. 
•3 to 7 is given as a mere illustration ami 
that auy desired modification may he 
made thereto within the scope of the 

5 invention. In particular, according* to 
another feature of the invention, it is 
possible to journal in combined bearings 
not only the turbine rotor, as shown in 
Figs. 5 to 7, but also any rotating part of 

10 the gas turbine, and more particularly 
the wheels carrying the directing fluids 
of the compressor and /or turbine in the 
case when said wheels, instead of being 
integral with casing 22, are made niov- 

15 able for well defined purposes, as des- 
cribed in Patent Specification No. 
587.52S. Moreover, it is obvious that it 
is possible to use in a gas turbine instead 
of the bearings shown in Figs. 5 to 7 

20 combined bearings of the type shown in 
Figs. 3 and 4 in which the fluid 
bear inn; surrounds the mechanical 
bearing. 

What I claim is: — 

25 1 . A device for supporting a rota table 
element by a stationary concentric ele- 
ment, characterised in that it comprises 
between said elements a mechanical anti- 
friction bearing fast with one of said ele- 

30 merits and mounted with a clearance with 
respect to the other, means to con- 
tinuously feed pressure fluid into said 
clearance through a plurality of circum- 
ferentially spaced inlets, and means to 

35 evacuate said fluid, whereby a fluid film 
is maintained between the surfaces defin- 
ing said clearance, the friction between 
said surfaces being lower than the fric- 
tion between the elements constituting 
40 said mechanical antifriction bearing, 
whereby, when the rotatable element is 
driven, the same rotates with respect to 
the stationary element without substan- 
tial rotation of the mechanical bearing 

45 elements in respect to each other as long 
as said fluid circulation is maintained at 
a rate sufficient to ensure the presence of 
said film. 

2. A fluid pressure bearing structure 

60 for supporting a rotatable element by a 
stotionary element with a clearance space 
therebetween as claimed in Claim 1, char- 
acterized by the combination with a bear- 
inn surface comprising a plurality of eir- 

55 eumforentially spaced fluid pressure 
zone*, of at least one anti-friction bearing 
in series with said bearing surface and 
including- inner and outer race members 
and rolling bodies therebetween, one of 

60 said race in cm hers being in contact with 
< n; j of said elements and the other .spaced 
from contact with said bearing surface. 
whereb%- said antifriction bearing will 
automatically provide antifriction sup- 

65 port for said rotatable element when the 



flu ill pressure support ceases. 

3. A fluid pressure bearing structure as 
claimed in Claim 2. iu which the said 
fluid pressure zones are formed in on** of 
the surfaces defining said clearance 
means including nozzles being provided 
for separately conducting fluid under 
pressure to said zones, and longitudinal 
outlet grooves formed between said zones 
through which said fluid is discharged 
from said clearance, whereby the sur- 
faces defining said clearance are held out 
of contact with one another as long as 
said clearance is fed with said pressure 
fluid. 

4. A fluid pressure bearing structure as 
claimed in Claim 3, wherein a system of 
grooves of small cross-section is formed in 
each of said pressure zones to spread said 
pressure fluid along the surfaces of the 
zones. 

5. A fluid pressure bearing structure as 
claimed in Claim 2. wherein said outer 
race member is fast with said stationaiy 
element and the inner race member is 
mounted with a clearance with respect to 
said rotatable element. 

6. A fluid pressure bearing structure 
as claimed in Claim 2. wherein said inner 
race member is fast with said rotatable 
element and the outer race member is 
mounted with a clearance with respect, to 
said stationary element. 

7. A fluid pressure bearing structure as 
claimed in any one of the preceding 
claims, wherein the pressure fluid is con- 
stituted by a compressed gas. 

S. A gas turbine having a conventional 
combustion system and comprising a fluid 
pressure bearing structure as claimed in 
Claim 7, wherein the rotatable element of 
the bearing structure drives an air com- 
pressor to feed compressed air to said 
combustion system, air compressed by 
said compressor beinu* conducted into said 
pressure zones and discharged therefrom 
through said outlet grooves which separ- 
ate Hie pressure zones, whereby the sur- 
faces defining said clearance space 
between said rotatable element and said 
stationaiy element of the bearing struc- 
ture are held out of contact with each 
other as lona' as the pressure of the air 
fed from said compressor is sufficient t > 
maintain said rotatable element in a 
floating state. 

0. A device for supporting a rotatable 
e lenient by a stationary concentric ele- 
ment constructed ami operating substan- 
tially as described with reference to Figs- 
1 and 2 or and 4 of the accompanying 
drawings. 

10. A gas turbine comprising a fluid 
pies sun* beariug structure constructed 
and arranged substantial! v as described 
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